(A, B) The mini-HA complex is composed of one HA70 D3 (P378-N626, green), one HA17 (yellow), and two HA33s (orange or salmon). The structure of HA70 D3 superimposes well with the full-length HA70, which is shown as a transparent surface representation. The two views differ by a 90° rotation, as indicated. The orientations in (A) and (B) are similar to those shown in Fig. S3B and S3C, respectively. , and the HA17-HA33 complex (lane 4) were treated with trypsin at pH 6.0 or pH 7.5, or with pepsin at pH 2.6 (optimal pH for pepsin cleavage). (B) The recombinant HA complex was treated with trypsin at pH 6.0 or pH 7.5 using a phosphate buffer (P) or the physiological Krebs-Ringer's solution (K). Lane 5 is the control sample without trypsin. No difference was observed between the two buffers. The HA70 is nicked into two peptide chains of ~22 kDa and ~48 kDa (HA70*), which is reminiscent of the post-translational nicking of HA70 that occurs physiologically [6] . HA17 could be nicked into a ~15 kDa peptide (HA17*) [7] . 
Figure S13. HA70-A (green) and HA70-C (gray) adopt a similar structure. (A) HA70-A and
HA70-C [8, 9] were superimposed based on 582 Cα atoms yielding an rmsd of 1.43 Å. (B) A close-up view of the receptor-binding pocket in HA70. α2,3-SiaLac is shown in pink or gray when bound to HA70-A or HA70-C, respectively. The binding mode for the terminal Neu5Ac is almost identical in the two structures. The Neu5Ac-binding residues in HA70-A are shown as sticks, with the equivalent residues in HA70-C in parentheses. The key Neu5Ac-binding residues in HA70 (e.g. Tyr525, Thr527, Arg528, and Lys467) are highly conserved among BoNT/A, B, C, and D (HA70-G was not available for analysis, and BoNT/E and BoNT/F gene clusters do not encode HAs), suggesting the binding mode is conserved.
Figure S14. HA33-A and HA33-C show similar modes of binding to galactose.
The structures of the HA33-A-Lac complex (orange/pink) and the HA33-C-Gal complex (gray/gray) [10] were superimposed based on Cα atoms in the C-terminal domain of HA33 (rmsd of ~1.19 Å over 134 Cα atoms). Key Gal-binding residues in HA33-A are shown as sticks, with the equivalent residues in HA33-C in parentheses. The F278 residue in HA33-A that provides the crucial stacking interaction with Gal is replaced with D271 in HA33-C. 
Figure S16. HA33 adopts a flexible conformation. (A)
The structures of HA33 of BoNT/A in the current work (HA33-A, orange) and that from an earlier publication (HA33-A', green) [11] , HA33 of BoNT/C (HA33-C, pink) [10] , and HA33 of BoNT/D (HA33-D, blue) [12] are superimposed based on Cα atoms in their N-terminal domains. The area highlighted in an orange circle is shown in (B). (B) Residue Asp144 of HA33-A (equivalent to Asn141 in HA33-C/D), which is located in the linker connecting the two HA33 domains, is used as the origin (labeled as O) for analysis. A key Gal-binding residue Asp263 of HA33-A and HA33-A', and its equivalent Asp256 of HA33-C/D (labeled as A, A', C, and D, respectively) were used to quantify the interdomain twist of HA33. In comparison to HA33-A, HA33-A' twists ~14° and moves ~6 Å; HA33-C twists ~61° and moves ~22 Å; and HA33-D twists ~65° and moves ~23 Å. (C) A view of the superimposed HA33 rotated 90° from that shown in (A). 
